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<S) Motor and disk drive unit having such a motor. 

@ A motor has a stator (4) and a rotor (3), the 
stator (4) having cores (9A) and drive coils (1) 
which generate magnetic fields for rotating the 
rotor (3). The stator (4) also has a yoke (9B,9C) 
surrounding the rotor (3) and the rotor (3) is 
positioned such that it is closer to one part (9B) 
of the outer periphery of the yoke than another 
part (9B) of the yoke. Such a motor is particu- 
larly suitable for use in a disk drive unit as a 
spindle motor (2) for rotating the disk (1). Then 
an actuator (12) for moving a head (11) may be 
located adjacent the part (9B) of the outer 
periphery of the yoke (9b,9C) which is closest to 
the rotor. This permits the head (11) to ap- 
proach closely the axis of rotation of the disk (1) 
without the spindle motor (2) interfering with 
the movement of the head (11). The continuous 
yoke (9B,9C) prevents magnetic flux leakage 



from the spindle motor interfering with the 
actuator (12). The actuator (12) may itself have a 
yoke (9D) integral with the yoke (9B,9C) of the 
spindle motor (2), and/or other components in 
common. 



FIG. 2 
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The field of the invention relates to a motor and 
to a disk drive unit having such a motor. 

A disk drive for a magnetic or optical disk normally 
has, a spindle motor for rotating the disk support, a 
head for reading or writing information to or from the 5 
disk, and an actuator for moving the head relative to 
the rotation axis. By suitable combination of disk ro- 
tation and head movement, data on the disk can be 
scanned by the head. Normally, both the spindle mo- 
tor and the head actuator are located on the same to 
side of the disk. 

Improvements in disk technology have permitted 
the size of disks to be reduced, but this has resulted 
in the diameter of the disk becoming comparable with 
the diameter of the spindle motor. If the spindle motor is 
is located directly below the disk support, the obstruc- 
tion presented by the spindle motor limits the amount 
of the disk that can be scanned by the head. If, on the 
other hand, the spindle motor is spaced from the disk 
support by a distance sufficient to permit the head to 20 
pass therebetween, the size of the disk drive perpen- 
dicular to the plane of the disk Is increased. A similar 
disadvantage occurs if the diameter of the spindle mo- 
tor is reduced, since then its length perpendicular to 
the disk needs to be increased in order to provide a 25 
suitable drive force. 

It has also been proposed to make use of an in- 
duction motor with an open section, and the actuator 
for head movement then being aligned with that open 
section to permit the head to be moved within the 30 
open section, and so closer to the axis of rotation than 
would otherwise be possible. 

The present invention has several aspects. The 
first aspect considers the arrangement mentioned 
above in which an induction motor had an open sec- 3$ 
tion, and proceeds from the realisation that such an 
arrangement causes magnetic flux ieakage from the 
spindle motor which may interfere with the {normally 
magnetic) actuator for head movement. The first as- 
pect of the present invention therefore proposes that 40 
a motor be provided in which the yoke of the motor 
stator extends continuously around the rotor thereof. 
Standard stators also have yokes extending around 
the rotor, but with the rotor being centrally iocated. In 
this aspect of the present invention, the rotor is locat- 45 
ed within the stator such that its rotation axis is closer 
to one part of the outer periphery of the yoke than an- 
other. 

The term "yoke" in the present specification is 
used to identify the part or parts of the stator which do so 
not generate magnetic fields for driving the rotor. Of 
course, the stator will also need means for generating 
those fields, normally provided by stator cores and as- 
sociated drive coils. 

Thus, the first aspect of the present invention pro- 55 
poses that the rotor be close to one part of the periph- 
ery of the yoke. In a simple case, the yoke could be 
circular and the rotor axis then off-set from the centre 



of that circle. However, the preferred arrangement is 
for the yoke to have an arc part and a straight part link- 
ing the ends of the arc part so that the yoke is in the 
form of a major sector of a circle. The rotor may then 
be placed at the centre of the curvature of the curved 
part with the straight part extending substantially tan- 
gential to the rotor. Other alternatives involve elliptical 
yokes or yokes in the form of major segments of a cir- 
cle. 

There are several optional features which may be 
used with the first aspect of the present invention. 
Normally, the drive to the rotor has a plurality of cores 
which extend from the yoke towards the rotor t with 
those cores having associated field coils for generat- 
ing magnetic fields in the cores. Preferably, such 
cores are not provided on that part of the yoke which 
is closest to the rotor. Indeed, it is preferable that the 
inner surface of that part of the yoke is spaced from 
the rotor by the same distance as the ends of the 
cores closest to the rotor. This then ensures that the 
part of the yoke which is dose to the rotor gives good 
magnetic shielding. 

Furthermore, it has found that a cogging torque 
may develop in the rotor, and to overcome this it is 
preferable that the inner periphery of the yoke which 
is close to the rotor has grooves therein, which 
grooves extend into the yoke and indeed may extend 
completely therethrough, to form slots. 

This first aspect of the present invention is partic- 
ularly applicable to an arrangement in which the rotor 
makes use of permanent magnets. 

Such an arrangement, when applied to a disk 
drive, permits the head actuator to be aligned with that 
part of the periphery which is closest to the rotor This 
way, the head can be moved as close as possible to 
the axis of rotation of the disk, without requiring a gap 
between the disk support and the spindle motor. 

It can be noted, in this aspect, that the fact that the 
yoke extends continuously around the rotor prevents 
magnetic flux from the motor interfering with e.g, the 
head actuator. 

As was mentioned above, the first aspect of the 
present invention is particularly applicable to an ar- 
rangement in which the rotor makes use of the perma- 
nent magnets. In existing disk units, it is known to pro- 
vide a separate magnet which interacts with a mag- 
netic region on the disk for holding the disk on the disk 
support In such existing proposals, the magnet used 
for holding the disk on the support is entirely separate 
from magnets of the motor, and indeed there may be 
magnetic shielding therebetween. It has been appre- 
ciated that it is possible to make use of the magnet of 
the motor, and in particular permanent magnets of a 
rotor, for holding the disk on the support, by ensuring 
that there is direct magnetic linkage between those 
permanent magnets and the magnetic region of the 
disk. This use of direct magnetic linking holding the 
disk is therefore a second, independent, aspect of the 
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present Invention. However, it is possible to use the 
first and second aspects in combination. 

In existing disk drives, the spindle motor and the 
head actuator may be mounted on a common support, 
but normally have no components in common. The s 
third, fourth and fifth aspects of the present invention 
propose that at least some of the components should 
be integral. 

Jn the third aspect, it is proposed that the spindle 
motor and the head actuator have a common yoke. 10 
The result is a more compact arrangement. 

It is particularly advantageous if the first and third 
aspects are combined, since then the part of the yoke 
bridging the spindle motor and head actuator is prox- 
imate the disk rotation axis, so that it does not signif- is 
icantly interfere with the head actuator movement. 
Such an arrangement may be used either when the 
head actuator is a linear actuator, or where it is an ac- 
tuator which moves the head in a curved locus. 

In the fourth aspect of the present invention, the 20 
drive coils of the spindle motor and of the actuator are 
mounted on a common substrate. This may be ach- 
ieved, for example, by providing an insulating sub- 
strate with a conductive film thereon, and etching that 
film to provide conductive tracks of suitable shape. 25 
Again, this permits a compact arrangement to be ach- 
ieved. It is also possible for the drive coils of the spin- 
dle motor and head actuator to be electrically inter- 
connected in common. 

Other arrangements are possible in which parts of $0 
the spindle motor and head actuator have integral 
parts. In the fifth aspect, the spindle motor and head 
actuator each has been piezoelectric elements which 
form part of a common piezoelectric component. 

In existing disk drives, the rotational position of 3$ 
the disk is determined by a sensor which detects the 
position of the rotor of the spindle motor However, if 
such detection is to be accurate, that sensor must be 
sensitive and hence expensive. 

Therefore, the sixth aspect of the present inven- 40 
tion proposes that a sensor be provided which detects 
positional information recorded around the periphery 
(normally the entire periphery) of the disk. The posi- 
tion of information derived by that sensor may then be 
used to control the motor. 45 

Such an arrangement then requires the recordai 
of positional information around the periphery of the 
disk, and it may first be necessary to record that infor- 
mation. This can be achieved by first measuring the 
disk position using a sensor which monitors the rotor 50 
of the disk, and recording the positional information 
accordingly. At first sight, this would then require a 
sensitive sensor of rotor movement. In fact, this is not 
necessary since the recorded data need not corre- 
spond exactly to the rotor position, since, after recor- 55 
dal it gives a precise disk position. Since, provided the 
information varies around the disk, it is possible sub- 
sequently to make use of that information accurately, 



even if the information itself does not accurately relate 

to the rotor position. 

Embodiments of the present invention wiil now be 

described in detail, by way of example, with reference 

to the accompanying drawings, in which: 

Fig. 1 shows schematically the configuration of an 
optical disk apparatus in which the present inven- 
tion is embodied; 

Fig. 2 shows the structure of a spindle motor used 
in the optical disk of one embodiment of the pres- 
ent invention; 

Fig. 3 is a cross section of the spindle motor of 
Fig. 2; 

Fig. 4 shows the structure of a spindle motor of a 
second embodiment of the present invention; 
Fig. 5 shows the structure of a spindle motor of a 
third embodiment of the present invention; 
Fig. 6 shows the structure of a spindle motor with 
auxiliary grooves, being a fourth embodiment of 
the present invention; 

Fig. 7 is a diagram showing the reduction in cog- 
ging torque achieved by auxliary grooves in the 
fourth embodiment of Fig. 6; 
Fig. 8 shows the configuration of a control device 
for the spindle motor which may be used in this in- 
vention; 

Fig. 9 shows the structure of a disk holding device 
of a fifth embodiment of this invention; 
Fig. 10 shows the structure of a coreless motor 
suitable for use as the spindle motor of the inven- 
tion; 

Fig. 1 1 is a cross section of the coreless motor of 
Fig. 10; 

Fig. 12 shows the structure of a magnetic disk ap- 
paratus of a sixth embodiment of the present in- 
vention; 

Fig. 13 is a block diagram of an optical disk unit 
being a seventh embodiment of the present in- 
vention; 

Fig. 14 is a top view of an optical disk drive unit 
of the embodiment of Fig. 13; 
Fig. 15 is a sectional view along the line A - A' in 
Fig. 14; 

Fig. 16 is a top view of another disk drive unit be- 
ing an eighth embodiment of the present inven- 
tion; 

Fig. 1 7 is a top view of another disk drive unit be- 
ing a ninth embodiment of the present invention; 
Fig. 18 is a sectional view along the line A - AA in 
Fig. 17; 

Fig. 19 is a sectional view along the line B - BB in 
Fig. 17; 

Fig. 20 is a block diagram of the coil of the spindle 
motor of the embodiment of Fig. 17; 
Fig. 21 is a block diagram of the permanent mag- 
net rotor of the spindle motor of Fig. 17; 
Fig. 22 is a sectional view of another disk drive 
unit being a tenth embodiment of the present in- 
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vention; 

Fig. 23 shows the layout of coreless coils in the 
embodiment of Fig. 22; 

Fig. 24 is a sectional view of another disk drive 
unit embodying the fifth aspect of the present in- 5 
vention; and 

Fig. 25 shows the configuration of the piezoelec- 
tric element in the embodiment of Fig. 24. 
Fig. 1 shows a first embodiment of the invention 
as applied to an optical disk apparatus. Fig. 1 shows 10 
an optical disk 1 for performing at least one of the op- 
erations of recording, reading and erasure of informa- 
tion; a spindle motor 2 for directly driving the optical 
disk; an optical head 1 1 for performing at least one of 
the operations of recording, reading or erasing infor- 15 
mation to and from the disk 1 ; a head driving actuator 
12 consisting of a linear motor to move the head in the 
radial direction of the disk; a controller B for the spin- 
dle motor 2; a controller 14 for the head driving actua- 
tor 12; a controller 15 for the head 1 1 ; a signal proc- 20 
essor 16 for the disk; and a drive controller 17 that 
controls the other components 13 to 16. 

The spindle motor controller 13 supplies a motor 
current to the spindle motor 2 to drive the spindle mo- 
tor 2 at a specified constant speed. The controller 14 25 
controls the position of the head driving actuator 12 
according to a position command and a position sig- 
nal from a position sensor (not shown) of the head 
driving actuator 12. The controller 15 for the optical 
head 11 controls the locus of the head 11 according 30 
to the locus information obtained from the signal proc- 
essor 16. The signal processor 16 sends signals to 
the optical head controller 1 5 to enable it to control the 
optical head 11 at an appropriate position according 
to the information from the optical head 1 1 . The signal 35 
processor 16 also supplies signals to the drive con- 
troller 17, 

On the basis of signals external circuits, the drive 
controller 17, operates the spindle motor controller 
13, the head driving actuator controller 14 and the 40 
head controller 15 and communicates with these con- 
trollers to keep track of the moving operations of mov- 
ing parts. In this way the drive controller 17 performs 
system control of the optical disk apparatus. 

A first feature of this embodiment of the present 45 
invention is that the spindle motor directly drives the 
optical disk. The distance from the center of the rotor 
to the outer periphery of the stator is made to change 
with the angle, with the minimum distance set smaller 
than the innermost radius of the disk recording sec- 50 
tion. This allows the head driving actuator, which 
drives the head in the radial direction of the disk, to be 
arranged below the disk. 

Fig. 2 shows the construction of the disk driving 
spindle motor of this invention, and Figure 3 shows a 55 
cross section of it The spindle motor 2 is a brushless 
motor which has permanent magnets in the rotor and 
three-phase coils u, v r w in the stator that form rotating 



fields. A rotor 3 consists of permanent magnets 5 and 
a rotor yoke 6. The permanent magnets 5 have their 
N and S poles arranged alternately at equal pitch in 
the circumferential direction and the rotor yoke 6 
forms a magnetic circuit on the rotor side. A stator 4 
consists of a case 8, a stator core 9 (magnetic core 
A, curved stator yoke part 9B and straight-circuit yoke 
part 9C), and coils 10 (u, v, w phases) wound on the 
magnetic core 9A. The stator 4 supports the rotor 3 for 
rotation via a bearing 7. A feature of this embodiment 
is that the distance from the center of the rotor 3 to the 
outer periphery of the stator varies according to the 
angle, the shape of the stator being almost semicircu- 
lar as shown in Fig. 2. Fig. 2 represents the case in 
which a portion of the stator periphery whose distance 
from the center of the rotor 3 changes according to the 
angle is linear. 

The structure of the stator core 9 is as follows. 
Where the distance between the center of the rotor 3 
and the outer periphery of the stator is large, the mag- 
netic core 9A with the coil 10 is located so as to face 
the rotor 3 with a gap therebetween, with the rear por- 
tion of the magnetic core 9A magnetically coupled to 
the stator yoke part 9B. Where the distance from the 
rotor center to the curved stator outer periphery is 
small, the coil 1 0 or magnetic core 9A are not provided 
but instead the straight short-circuit yoke part 9C is 
provided enclosing the rotor with a gap therebetween. 
Both ends of the short-circuit yoke part 9C are mag- 
netically coupled to the curved stator yoke part9B so 
that the two station yoke parts 9B, 9C surround the ro- 
tor, and are in the shape of a major sector of a circle. 

With this construction, the magnetic core 9A with 
the coil 10 constitutes a torque generating section 
which generates a driving torque by the electromag- 
netic force acting between the current flowing in the 
coil 10 and the permanent magnet 5 of the rotor 3. The 
short-circuit yoke part 9C that has no coil 10 does not 
produce a torque and constitutes a no-torque gener- 
ating section. The short-circuit yoke 9C, unlike the 
conventional construction, has a magnetic shield 
function of preventing the magnetic flux generated by 
the permanent magnets 5 of the rotor 3 and the coil 
10 from leaking out (this is particularly important with 
the spindle motor that drives the magnetic disk). It 
also has a function of reducing the cogging torque act- 
ing between the permanent magnets 5 of the rotor 3 
and the stator core 9, and a function of preventing 
damages to the head and the permanent magnet rotor 
due to uncontrolled action of the head driving actua- 
tor. 

With this embodiment, since a brushless motor is 
used for the spindle motor that directly drives the disk, 
the torque density is increased. The increased torque 
density allows a no-torque generating section to be 
provided in a part of the stator without producing ad- 
verse effects on the reduction in the size and weight 
of the motor. By reducing the distance from the rotor 
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center to a part of the stator outer periphery where no 
torque is generated, it is possible to arrange the head 
driving actuator in this part, reducing the thickness of 
the disk apparatus because there is no need to place 
the head driving actuator between the disk and the 5 
motor 

When the stator is formed of one no-torque gen- 
erating section and one torque generating section as 
shown in Figure 2, the space outside the outer periph- 
ery of the torque generating section ( in this case, the 10 
space in which the head 11 or the head actuator 
moves ) can be large. Another advantage is that the 
construction is simple, with the torque generating sec- 
tion made up of as few as three coils for driving the ro- 
tor. 15 

Since the head actuator side of the stator in the 
brushless motor, which contains a permanent magnet 
rotor, is magnetically shielded by the core, there is no 
opening, either structural or magnetic, preventing 
damage to the head and rotor due to erroneous oper- 20 
ation of the head and improving the reliability. This 
construction removes variations in the leaking mag- 
netic flux in the permanent magnet rotor, reducing the 
cogging torque in the spindle motor. Moreover, the 
head is no longer affected by the leaking magn etic flux 25 
of the permanent magnet rotor. All these combine to 
improve the accuracy of the positioning of the head. 

In the above embodiment, the spindle motor has 
an almost semicircular shape and the part where the 
distance from the center of the rotor 3 to the stator out- 30 
er periphery changes according to the angle is linear. 
However, this part need not be linear and may have 
any shape that provides a space sufficient to accom- 
modate the head driving actuator 12. The construc- 
tions such as those shown in Figure 4 and 5 also pro- 35 
duce the similar effects. 

Fig. 4 shows another embodiment of the spindle 
motor according to this invention. This embodiment 
differs from the brushless motor of Fig. 2 in that the 
stator core is elliptical and the head driving actuator 40 
is as close to the rotor center as possible. The stator 
structure of the spindle motor on the head driving ac- 
tuator side is that the rotor is surrounded, with a gap, 
by a curved short-circuit yoke part 9C as a magnetic 
core with no coil. The short-circuit yoke part 9C mag- 45 
neticaJly couples with the rest of the stator yoke part 
9B so that the stator yoke parts 9B, 9C surround the 
rotor. 

Fig . 5 shows yet another embodiment of the spin- 
dle motor according to this invention. This embodi- 50 
ment differs from the brushless motor of Fig. 2 in that 
the short-circuit yoke part 9C has a near V shape. The 
two yoke parts 9B, 9C thus form the major segment 
of a circle surrounding the rotor, with the rotor axis at 
the center of the circle. With this construction the area 55 
of the torque generating section of the stator, which 
surrounds the rotor and is made up of the magnetic 
core 9A with the coil 10, becomes larger than the no- 



torque generating section with no coi. This further re- 
duces the motor size. 

As seen in Figure 5, the range of angle of the tor- 
que generating section is larger than that of the no- 
torque generating section, contributing to an increase 
in the torque, 

A key feature to reducing the disk apparatus in 
size, weight and thickness is the distance between the 
center of the rotor and the innermost periphery of the 
stator core in the spindle motor 2. In other words, it de- 
pends on how small the radial length or thickness of 
a bridge part at the center of the short circuit stator 
yoke part 90 with no coil 10 can be made. However, 
if the bridge part has too small a thickness, there will 
then be the possibility of magnetic saturation and 
therefore a cogging torque. The bridge should there- 
fore have the minimum thickness that does not cause 
magnetic saturation of the fluxes linking this part. To 
meet this requirement and still make the bridge thick- 
ness smaller requires a motor construction in which 
the rotor has multiple poles to reduce the amount of 
flux in the stator yoke. The number of the poles Is pre- 
ferably eight or more, as will now be explained. 

The relationship between the number of coil 
phases of the stator and the number of magnetic 
poles of the rotor in the brushless motor may be se- 
lected to generate an effective torque. Generally, a 3- 
phase motor has three magnetic poles 9A with the coil 
10 in the drive portion of the torque generating sec- 
tion. Hence, there have to be at feast four poles of the 
permanent magnet 5 in the rotor 3 that work with these 
magnetic poles of the stator That is, the ratio between 
the numbers of stator magnetic poles and the rotor 

magnetic poles should be selected at 3:4N (N: 1 

n). With this ratio selected, the cogging torque is re- 
duced. 

Next, the invention will be explained in terms of 
how to reduce the cogging torque and therefore the 
pulsating rotation of the rotor. 

For precise recording on the disk 1 , the variations 
in rotation of the spindle motor 2 should preferably be 
as small as possible. Acting as hindrance to this ob- 
ject is the cogging torque in a permanent magnet 
brushless motor which is caused by variations in the 
attractive force between the permanent magnets 5 
and the magnetic cores 9A. This cogging torque must 
be reduced. This is particularly significant with the 
brushless motor of this invention in which the torque 
generating section and the no-torque generating sec- 
tion are close together. 

Consider first the process of generation of the 
cogging torque in the structure of the rotor 3 and the 
stator 4 shown in Fig. 2. In the conventional structure, 
in which the stator 4 (magnetic poles provided over 
the entire circumference) has six poles and the rotor 
3 has eight poles, the cogging torque is generated 24 
times for each rotation of the rotor 3. (24 is the least 
common multiple of eight for the permanent magnetic 
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pole number and six for the stator magnetic pole num- 
ber.) 

Consider the brushless motor of this invention. 
The permanent magnet with eight poles and the tor- 
que generating section, or half the entire circumfer- 5 
ence of the stator, with three magnetic poles also gen- 
erate 24 pulses in the torque during one rotation of the 
rotor. On the other hand, eight torque pulses are gen- 
erated in one rotation between the permanent magnet 
5 with eight poles and the no-torque generating sec* 10 
tion. 

Generally, the cogging torque decreases in mag- 
nitude will increase in the number of pulses during one 
rotation. In the construction of this invention, the eight 
torque pulses in one rotation constitute a dominant 15 
cogging torque. 

Fig. 6 shows an embodiment designed to reduce 
the cogging torque in the motor of this kind according 
to this invention. Components identical to those of Fig. 
2 are indicated by the same reference numerals. This 20 
embodiment differs from that of Fig, 2 in that auxiliary 
grooves 18a, 18b are formed in a part of the inner cir- 
cumferential surface of the straight stator yoke part 
9C with no coil 10 that faces the permanent magnets 
5. The auxiliary grooves 18a, 18b have the same 25 
width as the magnetic core 9A which has the coil 10, 
and their intervals are preferably 60 degrees* With this 
construction there are apparently six magnetic pole 
on the stator side, so that 24 puJses in the torque are 
produced during one rotation between the eight poles 30 
of rotor 3 and the six poles of the stator, thus reducing 
the cogging torque. 

Figure 7 shows the effectiveness of the auxiliary 
grooves in reducing the cogging torque produced in 
the stator core structure of Fig. 6, illustrating the mag- 35 
nttudes of cogging torques produced with and without 
the auxiliary grooves. I n the case of line a without aux- 
iliary grooves, there is one pulses in the torque at an 
electrical angle of 180° and such a pulses occurs 
eight times during one rotation. In the case of line b 40 
with the auxiliary grooves, there are three pulsations 
at 1 80° and a total of 24 pulses occur during one ro- 
tation. In terms of amplitude of pulses, it is seen that 
the cogging torque is reduced by the auxiliary grooves 
18a, 18b. 4s 

The auxiliary grooves may pierce through the sta- 
tor from the inner circumference to the outer circum- 
ference. In other words, the effectiveness of this in- 
vention can be achieved also by providing slits in the 
stator yoke 9C with no coil 10. In this case, it is pre- so 
f era We that the width of the slit be generally less than 
two times the winding groove (a groove between the 
magnetic cores 9A with coil 1 0) in order to prevent 
leakage of the flux of the permanent magnets 5 toward 
the head driving actuator 12. The cogging torque re- 55 
duction effect can be improved by arranging the 
grooves at equal intervals as shown in Fig. 6 and by 
making the widths of the winding grooves equal to 



those of the slits. 

The cogging torque reduction effect can further 
be Increased by winding a few turns of driving coil in 
the auxiliary grooves to form a torque generating sec- 
tion. 

In this embodiment, the head actuator side of the 
stator in the brushless motor, which has a permanent 
magnet rotor, is magnetically shielded by the core and 
therefore has no opening, either structural or magnet- 
ic, preventing damage to the head and rotor that may 
occur from erroneous operation of the head, enhanc- 
ing reliability. Further, there are no longer variations 
in the leaking flux from the permanent magnet rotor, 
reducing pulses in the rotation of the spindle motor. 
This in turn eliminates the effects on the head of the 
Jeaking flux from the permanent magnet rotor and 
therefore improves the accuracy of head positioning. 

Another embodiment of this invention for a spin- 
dle motor rive system is shown in Figure 8. The figure 
shows a drive system when a brushless motor 2 is 
used for the spindle motor. The brushless motor re- 
quires supply of motor current In synchronism with the 
rotor. For this purpose, a rotor position detector 20 is 
provided and, according to the position signal* a cur- 
rent pattern generator 131 produces a 3-phase cur- 
rent pattern signal. Based on this pattern signal, an ac 
power supply circuit 132 supplies 3-phase current to 
the brushless motor 2. 

The speed control of the brushless motor 2 will 
now be described follows. The position information re- 
corded over the entire periphery of the disk 1 is read 
by the head 1 1 and a speed calculator A 133 calcu- 
lates from this position information an actual speed 
N Uf which is sent to a speed adjuster 134. The speed 
adjuster 134 outputs a command signal of current and 
phase such that the actual speed will match a speed 
command value ty. The command signal is sent to the 
current pattern generator 131 to control the current 
and phase of the motor current. 

When no position information is prerecorded over 
the entire periphery of the disk 1, a speed calculator 
B 135 determines from a position signal from a rotor 
position detector 20 the actual speed of rotation N st> , 
which is used to start the motor to record the position 
information over the entire periphery of the disk 1. Af- 
ter this, during normal operation, the motor speed 
control is carried out according to the position infor- 
mation from the disk 1 

With this invention, since the position information 
of the rotor recorded on the disk Is used to improve the 
resolution of the position information, the control of 
the speed of the spindle motor according to this infor- 
mation can be improved in terms of the precision and 
responsiveness. 

A further embodiment of this invention for a disk 
retainer device is shown in Fig. 9. In Fig. 9 compo- 
nents identical to those of Fig. 3 are indicated by the 
same reference numerals. 
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The disk 1 (used for at least one of the 
operations — recording, reading and erasing of infor- 
mation) consists of a recording medium portion 1a 
and a support portion 1b. The support portion 1b is 
formed of a magnetic material and has a hole 1c. A ro- 
tor yoke 6 of the rotor 3 that supports the disk 1 forms 
a magnetic path for the permanent magnets 5 and has 
a projection 6b that, together with the hole 1c in the 
disk 1 , firmly fixes the disk 1 to the rotor 3. The mag- 
netic flux of the permanent magnets 5 on the side of 
the disk 1 links the support portion 1b of the disk 1 and 
the rotor yoke 6a, thereby attracting and fixing the disk 
1 to the rotor 3. If the permanent magnets 5 are ex- 
tended axialfy upwardly as shown, the electromagnet- 
ic force generated by the magnetic flux of the perma- 
nent magnet 5 and the current flowing in the coil 10 
produces a torque acting on the disk 1 on the rotor 3 t 
thus increasing the force that retains the disk on the 
rotor. 

With this embodiment, since a part of the flux of 
the permanent magnets of the rotor in the spindle mo- 
tor is used to hold the disk, a dedicated disk holding 
device is not necessary, reducing the weight and 
thickness of the disk apparatus. 

Another embodiment of this invention for a spin- 
dle motor as applied to the disk apparatus will now be 
explained by referring to Figs. 10 and 11. 

Fig. 10 shows the structure of a coreless motor 
used as the spindle motor and Fig. 1 1 shows a cross 
section of the coreless motor. This motor is a coreless 
type, i.e., a permanent magnet rotor brushiess motor 
in which a coil is wound on the stator magnet pole 
without using a core, with a radial gap formed be- 
tween the rotor and the stator poles. The rotor 3 con- 
sists of permanent magnets 5 and a rotor yoke 6 that 
forms a magnetic circuit for the permanent mag nets 5. 
The stator 4 includes a stator yoke 9B, which also 
serves as a case, and a coreless coil 10. The stator 4 
supports the rotor 3 for rotation via bearings 7. 

The stator yoke that double as the case consists 
of an arc part and a straight part 9C as shown in Fig. 
1 0. The coil 1 0 is only located inside the inner circum- 
ference of the arc part 9B of the stator yoke. The coil 
10 has three phases u,v,w. Hence, the coil 10 inside 
the inner circumference of the arc portion of the stator 
yoke functions as a torque generating section while 
the linear portion of the stator yoke constitutes a no- 
torque generating section. 

With this embodiment, since the head 1 1 and the 
head driving actuator 12 are installed on the linear 
portion side of the stator yoke, the disk apparatus can 
be reduced in size, weight and thickness. Further- 
more, since no magnetic cores are used, the cogging 
torque becomes smaller than in motors that have 
magnetic cores, and the pulsations in rotation are 
therefore reduced. 

Next, another embodiment of the invention as ap- 
plied to a magnetic disk apparatus is shown in Fig. 12. 



Since the recording medium of the disk is based on 
magnetism, a magnetic shield plate 22 is provided be- 
tween the motor 2 and the magnetic disk 21 to protect 
the disk 21 from influences of the flux generated by 
5 the rotor penman en t magnets a nd the stator coil when 
it is directly driven by the brushiess motor. 

This embodiment protects the disk against motor 
flux, so that the spindle motor of this invention can be 
applied to the magnetic disk apparatus, reducing the 

10 size and thickness of the apparatus. 

Fig. 13 illustrates another embodiment of the 
present invention applied to an optical disk unit; Fig. 
14 is a structural drawing of a motor incorporating a 
spindle motor for driving a disk, a head driving actua- 
ls tor and stator cores in the embodiment of the present 
invention; and Fig. 15 is a sectional view thereof. 

Fig. 1 3 is similar to Fig. 1 and the same reference 
numerals are used to indicate corresponding parts. 
Fig, 13 differs from Fig. 1 in the relationship between 

20 the yokes of the spindle motor and the head driving 
actuator. This is shown in more detail in Fig. 14. 

In Fig. 14, the distance from the center of the rotor 
core 9 up to the inner/outer diameter of the stator core 
9C (Z in Fig. 14) is made variable with respect to an- 

25 gle, whereby the configuration exemplified therein is 
linear adjacent the head 11 and circular on the side 
opposite thereto. 

It can be seen that the structure of the spindle mo- 
tor of Fig. 14 is substantially identical to that of Fig. 2, 

30 and the same reference numerals are used. There is 
a modification (to be described later) to the straight 
part 9C of the yoke surrounding the rotor, but the 
curve part 9B t the rotor itself, and the cores 9A and 
associated coils 10 are the same. Thus, the yoke 

35 formed by parts 9B and 9C surrounds the rotor, with 
the rotor being closer to the part 9C than to the part 
9B. Unlike the embodiment of Fig. 2, however, the 
straight part 9C of the yoke is integral with parts of the 
head driving actuator 12. 

40 Fig. 15 shows that the optical disk is mounted on 

the rotor 3 (description of the mounting structure is 
omitted) so as to construct a direct drive system in 
which the optical disk is directly driven by the spindle 
motor 2. 

45 The configuration of the head driving actuator 12 

for driving the head 11 wilt now be described. The 
spindle motor of the head driving actuator may be e.g. 
a rotary motor of the reactance or permanent magnet 
brushiess type, or a piezoelectric linear actuator. 

so However, the head driving actuator shown in Fig. 13 
is taken herein as an example, being a permanent 
magnet brushiess linear motor. 

The head driving actuator 12 has a moving ele- 
ment 19 and a fixed element or stator 18. The moving 

55 element 1 9 has a permanent magnet 22 with alternat- 
ing N and S poles spaced by a substantially equal 
pitch and a moving element yoke 21 forming a mag- 
netic circuit on the side of the moving element 19. In 
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this case, the moving element 19 of the head feeding 
actuator 1 2 is arranged so that it is movable in the ra- 
dial direction with respect to the spindle motor 2, 

On the other hand, the stator 1 8 has, stator cores 
23 as a magnetic material, coils 24 and a stator yoke 
9D. As in the case of the spindle motor 2, the stator 
cores 23 and associated coils 24 generate magnetic 
poles caused by current flowing through the coil 24 
and those poles interact with the permanent magnets 
22 of the moving element 1 9 to generate a drive force. 
It can be seen that the yoke 9D of the head driving ac- 
tuator is integral with the yoke 9B, 9C of the spindle 
motor 2. The role of the yokes 9C and 90 is to prevent 
the magnetic flux created by the permanent magnet 
22 and the coils 24 of the moving element 19 from 
leaking out and simultaneously to lower the cogging 
torque between the permanent magnet 22 and the 
stator cores 23 of the moving element 19. 

As in the case of the spindle motor 2, a three- 
phase brushless motor (description of a magnetic 
pole position detecting element and a bearing mech- 
anism is omitted) has been shown by way of example 
in Fig. 14 and consequently three of the magnetic 
cores 23 having drive coils 24 generate force due to 
their interaction with four poles of the permanent mag- 
net 5 of the rotor 3, 

Thus, the spindle mo tor 2 and the head driving ac- 
tuator 12 have integrally formed yokes with whereby 
assembly accuracy of each part (e.g., positioning ac- 
curacy of the spindle motor 2 and the head feeding ac- 
tuator 12) is improved. There may also be a common 
casing 8. Furthermore, those parts can be made 
smaller, thinner and lighter. Moreover, at least one of 
the head 1 1 and the head driving actuator 1 2 may be 
located on the same side of the disk 1 as the spindle 
motor 2 and the head 11 and/or the head driving ac- 
tuator 12 may be arranged in the direction of a small 
angle of the inner diameter of the stator yoke 9C of the 
spindle motor 2, so that the distance which the head 
1 1 moves in the radial direction may be longer. As the 
effective area of the disk 1 is thus greater, a high re- 
cording density {quantity of information/ surface area 
of disk) becomes available with the effect of making 
the disk unit smaller, thinner and lighter. 

Accordingly, this embodiment makes use of the 
idea of minimizing the distance from the center of the 
motor up to the smallest outer diameter (Y in Fig. 14) 
of the stator core yoke when the spindle motor 2 is 
configured. The embodiment of Fig. 14 also seeks to 
minimize the radial length, which is dependent on 
thickness of the bridge portion formed by the straight 
part 9C of the yoke 10. If the thickness of the bridge 
is decreased too much, however, magnetic saturation 
may arise, thus causing a cogging torque to develop. 
Consequently, the thickness of the bridge should pre- 
ferably be reduced such that the magnetic fl ux flowing 
therethrough remains unsaturated (the spindle motor 
and the head driving actuator do not magnetically in- 
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terfere with each other) and still stay at a minimum val- 
ue. In order to arrange a spindle motor which is able 
to meet the requirements above with the bridge as 
thick as thus desired, the stator should preferably be 
of multipole construction and preferably be of 8-pole 
construction. Moreover, the upper limit of the thick- 
ness of the bridge (i.e. yoke part 9C) should preferably 
be 2 mm or less. 

The effect described above may further be im- 
proved by setting the ratio between the length from 
the center of the motor of the spindle motor 2 to the 
large inner diameter of the stator core and the length 
therefrom to the small inner diameter, thereof to be as 
high as possible. The ratio shown in the example of 
Fig. 14 is set at 1/3 or less, the ratio being between 
the length from the center of the rotor of the spindle 
motor 2 to the large inner diameter of the curved part 
9B of the yoke stator and the length therefrom to the 
small inner diameter thereof. 

Another embodiment of the present invention 
shown In Fig. 16 will now be described. 

Both the spindle motor 2 and the head driving ac- 
tuator 12 are constructed In the form of rotary perma- 
nent magnet brushless motors in this embodiment In 
addition, the stator yokes forming the magnetic cir- 
cuits of the spindle motor 2 and the head driving ac- 
tuator 12. 

Thus, the stator yoke of the spindle motor com- 
prises a curved part 9B and a short-circuit part 9C, 
and the yoke of the head driving actuator 12 has a 
short-circuit part 9D and a curved part 9E. The two 
short-circuit parts 9C r 9D are connected together, as 
are the curved parts 9B, 9E. As a result, the resultant 
integral yoke surrounds both the rotor of the spindle 
motor and the rotor of the head driving actuator. 

Thus, the head driving actuator 12 and the spin- 
dle motor 2 are substantially similar in construction. In 
particular, the moving element 19, the stator cores 
23A and the coils 24 are similar in construction to 
those illustrated with reference to the spindle motor 2. 
However, the spindle motor 2 and the head driving ac- 
tuator 12 are not limited in configuration to those 
shown in Fig. 16 and these may only be arranged with 
a plurality of motors using the same stator core. 

In Fig. 16, the moving element 1 9 of the head driv- 
ing actuator 12 is coupled to the head 11 via a cou- 
pling element 25 and moves the head 11 over a 
curved locus as shown. The head driving actuator 12 
operates as a permanent magnet brushless motor 
movable over a finite angle. Moreover, by design of 
the stator yoke of the head driving actuator 12 and as 
the outer shape may be provided space where the 
head 11 is to be moved. It is possible to form a disk 
drive unit suitable for a small thin, lightweight, reliable 
disk unit and a motor unit having a plurality of drive 
motors suitable for the disk drive unit. 

The head driving actuator 12 is only needed to op- 
erate as the permanent magnet brushless motor mov- 
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able over a finite angle. Hence one pair of N and S per- 
manent magnets 22 on the head side 1 1 of the moving 
element 19 become unnecessary, and so is the part 
of the stator core 9D adjacent the head side 1 1. For 
instance, the construction may be made smaller and s 
lighter on the assumption that the moving element 
yoke 21 and the head are directly coupled with the 
coupling element 25 

Although the head 1 1 has been so arranged as to 
be directty driven in the embodiment shown, it may be 10 
driven via a power transmission mechanism such as 
a gear. 

Figs. 17 to 21 show another embodiment of the 
present invention. Fig. 1 7 depicts the spindle motor2, 
the head 11 and the head driving actuator 12 in the 15 
disk drive unit; it is a top view of the unit as a whole 
excluding the stator cores. Fig. 18 is a sectional view 
along line A - AA of Fig. 17 and Fig. 19 is a sectional 
view along the line B - BB thereof. Fig. 20 shows the 
coil configuration of the spindle motor 2. Further, Fig. 20 
21 shows the magnetic pole configuration of the per- 
manent magnet of the spindle motor 1. A rotary per- 
manent magnet brush! ess motor and a linear perma- 
nent magnet brushless motor are, for instance, em- 
ployed for the spindle motor 2 and the head driving ac- 25 
tuator 12 in this embodiment, respectively. Moreover, 
careless print coils are used for coils in both the spin- 
dle motor 2 and the head driving actuator 12. Further, 
the coils and the stator yokes respectively forming the 
drive-torque generating parts of the spindle motor and 30 
the head driving actuator are integral. 

In this embodiment, the rotor 3 and the stator 4 
constitute the spindle motor 2. The rotor 3 includes, as 
shown in Fig. 21, a permanent magnet 5 with N and 
S poles circumferentialfy arranged at a substantially 35 
equal pitch and the rotor yoke 6 forming a magnetic 
circuit on the rotor side. On the other hand, the rotor 
4 has a stator yokes 9 and a print coil 1 0 and rotatably 
supports the rotor 3 via bearings 7. The rotor 3 and the 
magnetic flux of the permanent magnet 5 are held 40 
face-to-face with a space therebetween. Moreover, a 
disk holder 26 is directly coupled to a rotary shaft 30. 

The head driving actuator 12 has a moving ele- 
ment 19 and a stator 18. The moving element 19 has, 
as shown in Fig. 6, the permanent magnet 22 with N 45 
and S poles linearly disposed at a substantially equal 
pitch and the moving element yoke 21 forming the 
magnetic circuit on the moving element 19. In this 
case, the moving element 19 of the head driving ac- 
tuator 12 is arranged so that it is movable in the radial so 
direction with respect to the spindle motor 2. 

The stator 1 8 includes the stator yoke 23 and print 
coils 24. The print coil 24 has three of U, V, W phases 
but the illustration of a coil pattern is omitted as it is 
generally known. The coils 24 of the head driving ac- 55 
tuator 12 and the coils 10 of the spindle motor 2 are 
integral on the same stator. In this case, coils 29 of 
Fig. 9 are prepared from foil, whereas the coils 24 of 



the head driving actuator 12 and the coils 10 of the 
spindle motor 2 are integral. The foil 24 of the pant 
coils is added so as to improve the mechanical 
strength of both the coils and to shut noise from them. 
As illustrated, the stator yokes 23 of the head driving 
actuator 12 and the stator yokes 9 of the spindle motor 
2 are also integral. With this arrangement, improve- 
ment in installation accuracy as well as reduction in 
size and weight is achieved as the number of parts of 
the disk unit is reduced. 

Figs. 17 to 21 show the process of making the 
drive unit smaller by combining the coils and stator of 
the spindle motor 2 and the head driving actuator 12. 
In addition, a specific arrangement of the spindle mo- 
tor 2, the head 11 and the head feeding actuator 12 
is also seen to have contributed to rendering the 
whole unit smaller as shown in Figs. 1 7 to 21 . 

In other words, it is possible to make the drive unit 
thinner inthe embodiment of Figs, 17to21 by employ- 
ing the linear type head feeding actuator 12 to drive 
the head 1 1 directly and locating the head 1 1 and the 
head driving actuator 12 at different positions center- 
ing on the spindle motor 2. 

More specifically, a linear type head feeding ac- 
tuator 1 2 is used to drive the head 1 1 , the head 1 1 and 
the head driving actuator 12 are located at different 
positions, and part of the moving element of the head 
feeding actuator 12 is arranged such that it moves 
within the range of the tangent of the outermost cir- 
cumference on the side of the head 11 of the spindle 
motor 2. 

Use can also be made of a system in which the 
head feeding actuator 12 is positioned at an angle of 
about 90° with the head 1 1 centering around the spin- 
dle motor 2 shown in the embodiment of Figs. 17 to 
21 and the head feeding actuator 12 is otherwise ar- 
ranged opposite to the head 11, whereby a disk unit 
obtainable may be made smaller and lighter than that 
is shown in Frgs. 15,16. 

Although, as illustrated, two head feeding actua- 
tors are located symmetrical about the spindle motor 
2, only one on either side may be acceptable. 

Fig. 22 shows another embodiment of the present 
invention. 

Unlike the embodiment shown in Figs. 27 to 21, 
the use of a coreless motor using ordinary self- 
welding coils instead of print coils is exemplified. In 
this case, a connecting board 31 as illustrated in Fig. 
1 0 is provided between the combination of the stator 
yoke 9 of the spindle motor 2 and the stator yoke 23 
of the head feeding actuator 12 and the combination 
of the coils 24 of the head feeding actuator 12 and the 
coils 10 of the spindle motor 2. 

Fig. 23 ilustrates the layout of the coils 24 of the 
head feeding actuator 12 and the coils 1 0 of the spin- 
dle motor 2 on the same side of the connecting board 
31 . Circular marks in Fig. 1 1 represent connections of 
the coils 10, 24. These coils are fastened to respec- 



BNSDOCID; <EP 



0509635A2_I_> 



17 



EP 0 509 635 A2 



18 



tive wires outside the motor with the connections hav- 
ing the circular marks, printed wires (not shown) on 
the connecting board 31 and further external connec- 
tions (not shown) on the connecting board provided 
therebetween. In this case, the outer diameter in the 5 
direction in which the heads of the coils 1 0 of the spin- 
dle motor 2 are positioned is smaller than the outer di- 
ameter in the opposite direction. Hence the heads are 
situated as close to the center of the disk as possible, 
in an attempt to render the drive unit smaller. With the 10 
connecting board thus incorporated, the number of 
parts is reduced with the effect of making the drive unit 
smaller, thinner and lighter. The effect of this embodi- 
ment of the present invention may be further aug- 
mented by Incorporating the stator yoke 23 with the 15 
connecting board 31 and also the embodiment may 
be developed to obtain a smaller thinner, lighter drive 
unit by suitably positioning control circuits such as 
drive ICs of the spindle motor2 and the head feeding 
actuator 12, 20 

In a motor unit having a plurality of motors and a 
motor unit having a plurality of drive motors, at least 
including the first drive motor and the second drive 
motor, the magnetic materials or coils forming the 
drive-torque generating parts of the first and the sec- 25 
ond drive motor may be located on the same connect- 
ing board. Moreover, the control circuit of either the 
first or the second motor may be mounted on the con- 
necting board. As a result, a motor unit having a plur- 
ality of motors may be made smaller, thinner and light- 30 
er. 

The above description has considered of the in- 
corporation of the stator cores and the coils of the 
spindle motor 2 and the head feeding actuator 12, for 
instance, and refers to an electromagnetic motor. 35 
However, the present invention is applicable to piezo- 
electric and electrostatic motors. 

Figs. 24 and 25 show another embodiment of the 
present invention wherein piezoelectric elements are 
used for force generating parts of the spindle motor 40 
and the head feeding actuator. The configuration of 
this drive unit is substantially similar to the embodi- 
ments of Fig. 23. The difference is that the rotor 3 of 
the spindle motor 2 and the moving element 19 of the 
head feeding actuator 12 contact a piezoelectric ele- 45 
ment 32 via an elastic material 34 to receive driving 
force. The piezoelectric element 32 has teeth in a 
square arrangement for the head feeding actuator 12 
and in a circular arrangement for the spindle motor 2. 
There is a pattern of electrodes 33 at the back of the so 
piezoelectric element 32 and the drive force is gener- 
ated by supplying multiphase voltage to each elec- 
trode to vibrate the teeth of the piezoelectric element. 

The piezoelectric element 32 and the electrodes 
33 of the spindle motor 2 and the head feeding actua- 55 
tor 12 are integral in one board, so that the disk drive 
unit is made smaller, thinner and lighter 

Even when electrostatic motors are applied to the 

10 



driving of the spindle motor 2 and the head feeding ac- 
tuator 12, though not shown, their electrodes for gen- 
erating drive force may be formed integrally on the 
same board. The same effect as described above 
may be achievable by the disk drive unit. 

Although the spindle motors of the embodiments 
of the present invention described above all make use 
of a brushless motor that employs permanent magnet 
rotor, a reluctance motor with magnetic poles on the 
rotor may also be used in the same construction to 
achieve the object of this invention for a disk appara- 
tus. 

Since embodiments of the present invention en- 
able a part of the outer periphery of a spindle motor, 
which directly drives the disk, to be closer to the rotor 
center than the inmost circumference of the disk re- 
cording portion, it is possible to put the head driving 
actuator close to the disk center, reducing the size 
and thickness of the disk drive apparatus. 

Since the outer circumference of the motor on the 
head driving actuator side may be magnetically 
shielded by a short-circuit yoke, it has no opening, 
either structural or magnetic. This in turn improves the 
head reliability and reduces the pulses in motor rota- 
tion, improving the currency of speed control. 

position information recorded over the entire per- 
iphery of the disk may be used to determine the actual 
speed rotation of the rotor t which in turn is used for 
speed control of the spindle motor. This position infor- 
mation improves the resolution of the speed informa- 
tion, thereby enhancing the precision of the speed 
control. 

Since the brushless motor incorporating a perma- 
nent magnet rotor may be used for a spindle motor, a 
part of the magnetic flux generated by the permanent 
magnets of the rotor can be utilized for holding the 
disk* This eliminates the need for a dedicated disk 
holding device, reducing the weight and thickness of 
the disk apparatus. 

According to the embodiments of the present in- 
vention shown in Figs. 13 to 25, at least one of these 
groupings including the magnetic materials, the coils, 
the electrodes and the piezoelectric elements used to 
form the drive-torque generating parts for driving the 
disk and the actuator for driving the head are integral. 
Consequently, the components can be adapted for 
only common use and also integration and this con- 
tributes to an improvement in assembly accuracy. 
The disk drive unit and the motor unit having the plur- 
ality of motors can effectively be made smaller, thin- 
ner, lighter and more reliable. 



Claims 

1. A motor comprising a stator (4) and a rotor (3) ro- 
tatable about a rotation axis t wherein the stator 
<4) has means (9A,10) for generating magnetic 
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fields for rotating said rotor (3) about said rotation 
axis and a yoke (9B.9C) extending continuously 
around the rotor (3): 

characterised in that: 

the rotor (3) is located within the stator (4) s 
such that the rotation axis is closer to a first part 
(9C) of the outer periphery of the yoke (9B,9C) 
than to a second part (9B) of the outer periphery 
of the yoke (9B,9C). 

10 

2. A motor according to claim 1 , wherein the rotor (3) 
includes at least one permanent magnet (5). 

3. A motor according to claim 1 or claim 2, wherein 

said means (9 A, 10) for generating magnetic 15 
fields comprises a plurality of cores (9 A) and a 
plurality of field coils (10) associated with said 
cores (9A). 

4. A motor according to claim 3, wherein said cores 20 
(9A) extend from said yoke (9B.9C) and have free 
ends spaced by a predetermined distance from 

said rotor (3). 

5. A motor according to claim 4, wherein the inner 25 
periphery of said yoke (9B.9C) between said ro- 
tation axis and said first part (9C) of said outer 
periphery is spaced from said rotor (3) by said 
predetermined distance. 

30 

6. A motor according to any one of the preceding 
claims, wherein said inner periphery of said yoke 
(9B,9C) between said rotation axis and said first 
part (9C) of said outer periphery has a plurality of 
grooves (18a, 18b) therein. 35 

7. A motor according to any one of the preceding 
claims wherein said outer periphery of said yoke 
has a curved part (9B) and a straight part (9C) in- 
terconnecting the ends of said curved part (9B), 40 
such that said curved part (9B) and said straight 

part (9C) form a major sector of a circle with said 
rotation axis being coincident with the center of 
said circle. 

45 

8. A motor according to any one of claims 1 to 6 
wherein said outer periphery of said yoke (9B,9C) 
is in the form of an ellipse and said rotation axis 
is displaced from the foci of said ellipse. 

50 

9. A motor according to any one of claims 1 to 6 
wherein said outer periphery corresponds sub- 
stantially to a major segment of a circle and said 
rotation axis is coincident with the center of said 
circle. 55 

10. A disk drive unit having a rotatable support (21) 
for a disk (1 ) and a motor (2) according to any one 
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of the preceding claims for rotating said rotatable 
support (21) about a rotation axis. 

1 1. A disk drive unit according to claim 10, also hav- 
ing a head (1 1) for interacting with said disk drive 
(1) and an actuator (12) for moving said head rel- 
ative to said rotation axis, said actuator (12) being 
located beyond said outer periphery of said yoke 
(9B.9C) adjacent said first part (9C) of said outer 
periphery. 

1 2. A disk drive according to claim 1 0 or claim 1 1 also 
including a head (1 1 ) for interacting with said disk 

(1) , and an actuator (12) for moving said head 

(11) relative to said rotation axis, said actuator 

(12) comprising a movable part (19) and a fixed 
part (18), said fixed part (18) having a further 
means (23,24) for generating magnetic fields for 
driving said movable part (19) and a further yoke 
(9D0 supporting said second means; 

wherein said yoke (9B,9C) of said motor 

(2) and said further yoke (9D) of said actuator (1 2) 
are integral. 

13. A disk drive unit according to any one of claims 
1 0 to 12 also including a head (1 1) for interacting 
with said disk (1)and an actuator (12) for moving 
said head (11) relative to said rotation axis, said 
actuator (12) comprising a movable part (1 9) and 
a fixed part (18), said movable part (20) being 
drivable by magnetic frelds generated by said 
fixed part (18); 

wherein said stator (4) of said motor (2) 
has at least one first drive coil (10) and said fixed 
part (18) of said actuator (10) has at least one 
second drive coil (23) and said at least one first 
drive coil (1 0) and said at least one second drive 
coil (23) are both on a common insulating sub- 
strate (23). 

14. A disk drive unit according to any one of claims 
1 0 to 1 2 also including a head (1 1 ) for interacting 
with said disk (1) and an actuator (12) for moving 
said head (11) relative to said rotation axis, said 
actuator (12) comprising a movable part and a 
fixed part (18) said movable part (19) being driv- 
able by magnetic fields generated by said fixed 
part; 

wherein said stator (4) of said motor (2) 
and said fixed part (18) of said actuator (21) each 
include piezoelectric parts interconnected by in- 
tegral piezoelectric material (32). 

15. A disk drive unit according to any one of claims 
1 0 to 14 wherein said actuator (12) is arranged to 
move said head (11) along a predetermined lo- 
cus, and an extension of said locus intersects ski 
first part (9C) of said outer periphery of said yoke 
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(9B.9C). 

16. A disk drive unit according to any one of claims 
10 to 15 wherein: 

said rotor comprises at least one perma- 
nent magnet (5): and 

said disk has a region of magnetic material 
(1b) being direct magnetic interaction between 
said at least one permanent magnet (5) and said 
region (1 b) of said disk, whereby said direct mag- 
netic interaction provides a holding force for hold- 
ing said disk (11) on said rotatable support (21). 

17. A disk drive unit according to any one of claims 
10 to 16 wherein said disk is a magnetic disk (1), 
and there is a magnetic shielding member (23) 
between said motor (2) and at least a part of said 
disk(1), 

18. A disk drive unit having a rotatable support (21) 
for a disk (1 ) and a motor (2) for rotating said ro- 
tatable support (21) about a rotation axis; 

said motor (2) having a stator (4) and a ro- 
tor (3) rotatable about said rotation axis, said rotor 
(3) comprising at least one permanent magnet (5) 
and being drivable for rotation about said rotation 
axis by the interaction of magnetic fields generat- 
ed by said stator (4) with at least one permanent 
magnet (5); 

said disk having a region of magnetic ma- 
terial (1b); 

characterised in that; 

there is direct magnetic interaction be- 
tween said at least one permanent magnet (5) 
and said region (1b) of said disk (1), whereby said 
direct magnetic interaction provides a holding 
force for holding said disk (1) on said rotatabie 
support (21). 

19. A disk drive according to claim 18, wherein said 
stator (4) has at least one yoke (9B,9C) around 
said rotor (3) and said at lest one permanent mag- 
net (5) has a height in the direction of sard rotation 
axis greater than the height of the yoke (9B.9C) 
in said direction. 

20. A disk drive unit according to claim 18, or claim 
19 wherein said region (1b) of said disk (1) is 
proximate the center of said disk (1 ). 

21. A disk drive unit having a rotatable support (21) 
for a disk (1) and a motor (2) for rotating said ro- 
tatable support (21) about a rotation axfs, said 
motor (2) having a stator (4) and a rotor (3) rotat- 
able about said rotation axis, said stator (4) hav- 
ing first means (9A.10) for generating magnetic 
fields for rotating said rotor (3) and a first yoke 
(98,9C) supporting said first means; 
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said disk drive unit also including a head 

(1 1 ) for interacting with said disk (1 ) and an actua- 
tor (12) for moving said head relative to said ro- 
tation axis, said actuator (12) comprising a mov- 
able part (19) and affixed part (18) said fixed part 
(18) having second means; 

characterised in that: 
said yoke of said motor (2) and said yoke 
(9D) of said actuator (1 2) are integral. 

22. A disk drive unit according to claim 21, wherein 
said actuator (12) is a linear actuator arranged to 
cause said head (11) to move along a linear lo- 
cus. 

23. A disk drive unit according to claim 21, wherein 
said actuator (12) is a rotation actuator arranged 
to cause said head (1 1) to move along a curved 
locus. 

24. A disk drive unit according to any one of claims 
21 to 23 wherein said stator (4) of said motor (2) 
has at least one first drive coil (10) for generating 
said magnetic fields generated by said stator (4) 
and said fixed part (18) of said actuator (12) has 
at least one second drive coil (24) for generating 
said further magnetic fields generated by said 
fixed part and said at least one first drive coil (1 0) 
and said at least one second drive coil (24) are 
etched conductive tracks. 

25. A disk drive unit having a rotatable support (21) 
for a disk (1 ) and a motor (2) for rotating said ro- 
tatable support (21) about a rotation axis; 

said motor (2) having a stator (4) and a ro- 
tor (3) rotatable about said rotation axis, the rotor 
(1 3) being drivable for rotation about said rotation 
axis by magnetic fields generated by said stator 
(4), said disk drive unit atso including a head (11) 
for interacting with said disk (1) and an actuator 

(12) for moving said head (11) relative to said ro- 
tation axis, said actuator (12) comprising a mov- 
able part (19) and a fixed part (18) said movable 
part (1 9) being drivable by further magnetic fields 
generated by said fixed part (18); 

wherein said stator (4) of said motor (2) 
has at least one first drive coil (1 0) for generating 
said magnetic fields generated by said stator (4) 
and said fixed part (18) of said actuator (1 2) has 
at least one second drive coil (24) for generating 
said further magnetic fields generated by said 
fixed part; 

characterised in that: 

said at least one first drive coil (10) and 
said at ieast one second drive coil (24) on a com- 
mon insulating substrate. 

26. A disk drive unit according to daim 25 wherein 
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said at least one first drive coil (10) and said at 
least one second drive coil (24) are electrically in- 
terconnected in common. 

27. A disk drive unit according to claim 26 t wherein s 
said at least one first drive coil (10) and said at 
least one second drive coil (24) are etched con- 
ductive tracks. 

28. A disk drive unit having a rotatable support (21) to 
for a disk (1) and a motor (2) for rotating said ro- 
tatable support (21) about a rotation axis; 

said motor (2) having a stator (4) and a ro- 
tor (3) rotatable about said rotation axis, the rotor 
(13) being drivable for rotation about said rotation 15 
axis by magnetic fields generated by said stator 
(4), said disk drive unit also including a head (11) 
for interacting with said disk (1) and an actuator 
(12) for moving said head (11) relative to said ro- 
tation axis, said actuator (12) comprising a mov- 20 
able part (1 9) and a fixed part (18) said movable 
part (1 9) being drivable by further magnetic fields 
generated by said fixed part (18); 

wherein said stator (4) of said motor (2) 
has at least one first drive coil (10) for generating 25 
said magnetic fields generated by said stator (4) 
and said fixed part (18) of said actuator (12) has 
at least one second drive coil (24) for generating 
said further magnetic fields generated by said 
fixed part; 30 

characterised in that: 

said at least one first drive coil (10) and 
said at least one second drive coil (24) on a com- 
mon insulating substrate, 

36 

29. A disk drive unit having a rotatable support (21 ) 
for a disk and a motor (2) for rotating said rotat- 
able support (21) about a rotation axis; 

said motor (2) having a stator (4) and a ro- 
tor (3) rotatable about said rotation axis, the rotor 40 

(3) being drivable for rotation about said rotation 
axis by magnetic fields generated by said stator 

(4) , 

said disk drive unit also including a head 
(11) for interacting with said disk (1 ) and an actua- 45 
tor (12) for moving said head relative to said ro- 
tation axis, said actuator (12) comprising a mov- 
able part (19) and a fixed part (18) said movable 
part (19) being drivable by magnetic fields gener- 
ated by said fixed part (18); so 

characterised in that: 

said stator (4) of said motor (2) and said 
fixed part (18) of said actuator (12) each include 
piezoelectric parts interconnected by integral pie- 
zoelectric material (32). 55 

30. A method of operating a disk unit said disk unit 
having a rotatable support (12) for a disk (1), a 



motor (2) for rotating said rotatable support (21) 
a sensor (11) and control means (13) for control- 
ling the rotation of said motor (2); 

characterised in that: 

positional information is recorded around 
the periphery of the disk; and 

the method comprises: 

sensing said positional information on said 
disk (1) using said sensor (11); 

transmitting a positron signal from said 
sensor (11) to said control means (13); and 

controlling said motor (2) using said con- 
trol means (13) on the basis of said position sig- 
nal. 

31. A method according to claim 30 wherein said disk 
unit has a further sensor (20) for detecting the ro- 
tation of said motor 92) means for generating a ro- 
tation signal representing the rotation of said mo- 
tor (2); 

wherein said position information is re- 
corded on said disk (1) on the basis of said rota- 
tion signal. 
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(S) Motor and disk drive unit having such a motor. 

(57) A motor has a stator (4) and a rotor (3), the 
stator (4) having cores <9A) and drive coils (1) 
which generate magnetic fields for rotating the 
rotor (3). The stator (4) atso has a yoke (9B.9C) 
surrounding the rotor (3) and the rotor (3) is 
positioned such that it is closer to one part (9B) 
of the outer periphery of the yoke than another 
part (9B) of the yoke. Such a motor is particu- 
larly suitable for use in a disk drive unit as a 
spindle motor (2) for rotating the disk (1). Then 
an actuator (12) for moving a head (11) may be 
located adjacent the part (9B) of the outer 
periphery of the yoke (9b,9C) which is closest to 
the rotor. This permits the head (11) to ap- 
proach closely the axis of rotation of the disk (1) 
without the spindle motor (2) interfering with 



the movement of the head (11). The continuous 
yoke (9B,9C) prevents magnetic flux leakage 
from the spindle motor interfering with the 
actuator (12). The actuator (12) may itself have a 
yoke (9D) integral with the yoke (9B,9C) of the 
spindle motor (2), and/or other components in 
common. 
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